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A retrospective analysis was performed using The Surveillance Network, USA, to examine the prevalence of antibiotic resistance
among urine isolates from U.S. female outpatients in 2012 and assessed trends in antibiotic resistance comparing data from 2003
and 2012. The most common pathogen identified in 2012 (n � 285,325) was Escherichia coli (64.9% of isolates). In 2012, E. coli
resistance to nitrofurantoin was low (<3%) across all age groups. E. coli resistance to ciprofloxacin was high among adults
(11.8%) and elderly outpatients (29.1%). When comparing the 2003 and 2012 data from isolates from adults, E. coli resistance to
nitrofurantoin changed only slightly (from 0.7% to 0.9%), whereas increases in resistance to ciprofloxacin (3.6% to 11.8%) and
trimethoprim-sulfamethoxazole (17.2% to 22.2%) changed substantially. In the United States, E. coli has become increasingly
resistant to ciprofloxacin and trimethoprim-sulfamethoxazole (TMP-SMX) in adult female outpatients. Nitrofurantoin retains
high levels of antibiotic activity against urinary E. coli.

Antibiotic use is the single most important modifiable risk fac-
tor for antibiotic resistance (1). Urinary tract infection (UTI),

accounting for �8 million office visits and 1 million emergency
department visits annually in the United States, is one of the most
frequent indications for antibiotic use in ambulatory care (2). For
the treatment of uncomplicated UTIs, or cystitis, clinical practice
guidelines recommend the empirical use of nitrofurantoin or tri-
methoprim-sulfamethoxazole (TMP-SMX) as first-line therapy
(3, 4). Fluoroquinolones, including ciprofloxacin and levofloxa-
cin, are considered alternative agents for the treatment of uncom-
plicated UTIs (3).

An important consideration for the appropriate empirical
treatment of UTIs is antibiotic susceptibility among uropathogens
isolated from urine cultures (3). Urine cultures are often obtained
for outpatients with UTIs, including those with recurrent infec-
tions, previous treatment failures, or complicated infections (5).
Few investigations have explored national trends of outpatient
antibiotic resistance among uropathogens in women. The objec-
tives of this study were to examine the recent prevalence of in vitro
antibiotic resistance among common bacteria isolated from urine
cultures collected from U.S. female outpatients and to assess
trends in antibiotic resistance by comparing data from 2003 and
2012.

MATERIALS AND METHODS
We performed a retrospective analysis of antibiotic susceptibility test re-
sults from urine cultures collected from female outpatients in the United
States comparing 2003 with 2012 data from The Surveillance Network
(TSN) (Eurofins Medinet, Chantilly, VA). More than 200 institutions in
the United States collected and submitted susceptibility data and corre-
sponding demographic information (age, sex, and site of infection) to
TSN during these years. Outpatients were defined as individuals who vis-
ited any ambulatory care setting, such as an emergency department, hos-
pital-based outpatient clinic, or physician’s office, during the study pe-
riod. Other data collected from participating labs included the isolated
pathogen, tested antibiotic agents, susceptibility testing methods, and in-
stitution type and size. Individual laboratories performed their own sus-
ceptibility testing using FDA-approved methods and interpreted the re-
sults by use of Clinical and Laboratory Standards Institute (CLSI)
breakpoint criteria. Laboratories participating in TSN were distributed in

a way that was demographically representative of the United States at the
level of the nine U.S. census regions.

Antibiotic resistance across age groups was assessed by comparing
susceptibility test results among urine specimens collected from pediatric
(age, 0 to 17 years), adult (age, 18 to 64 years), and older adult (age, �65
years) outpatients. The 10 most common bacterial species identified from
all female outpatient cultures were included. Antibiotic agents were se-
lected based on the availability of susceptibility data and clinical guide-
line-recommended treatment for UTIs (3). In the case of antibiotic classes
for which no susceptibility data were available for oral antibiotic formu-
lations, intravenous surrogate antibiotics were selected. The antibiotics
included in this study were amoxicillin-clavulanate, ampicillin, cefazolin,
ceftriaxone, cefuroxime, ciprofloxacin, nitrofurantoin, oxacillin, and
TMP-SMX. Fosfomycin data were included but limited, as this agent was
not commonly tested and was not widely available on antibiotic suscep-
tibility test instrument panels. Duplicate isolates were not included, and
intermediate results were not considered resistant. CLSI breakpoint rec-
ommendations for cefazolin were reduced from �8 �g/ml in 2003 to �2
�g/ml in 2011 (6) and likely contributed to the higher observed resistance
rates. Cefazolin, cefuroxime, and ceftriaxone were selected as first-, sec-
ond-, and third-generation cephalosporin surrogates, respectively; ampi-
cillin was selected as a surrogate for oral penicillins.

A chi-squared test using SAS version 9.3 (SAS Institute, Cary, NC) was
used to determine whether differences in isolate prevalence and antibiotic
resistance between 2003 and 2012 were statistically significant. The �-level
for statistical significance was set at 0.05.
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RESULTS

Among urinary isolates from female outpatients in 2012 (n �
305,749), the most frequently identified bacteria were E. coli
(64.9% of isolates), Klebsiella pneumoniae (10.1%), Proteus mira-
bilis (5.0%), Enterococcus faecalis (4.1%), and Pseudomonas
aeruginosa (2.7%).

The prevalence of antibiotic resistance among urinary bacterial
isolates from 2012 was stratified by age group (Table 1). Antibiotic

resistance to TMP-SMX was elevated across all age groups for
most bacterial species, but it was especially high among isolates of
E. coli (pediatric, 25.1%; adult, 22.3%; older adult, 26.8%). Con-
versely, E. coli resistance to nitrofurantoin was very low (pediatric,
0.5%; adult, 0.9%; older adult, 2.6%). E. coli resistance to fosfo-
mycin in 2012 (n � 212) was 4.2%. The prevalence of resistance
increased by age group for several important pathogen-antibiotic
combinations. For example, E. coli resistance to ciprofloxacin was

TABLE 1 Prevalence of antibiotic resistance among the top 10 uropathogens obtained from U.S. female outpatients in 2012, according to age group

Uropathogen, by age group na

Prevalence (%) of isolates resistant tob:

Amox-clavc Ampicillin Cefazolind Ceftriaxone Cefuroxime Ciprofloxacin Nitrofurantoin Oxacillin TMP-SMXe

Children 0–17 yr of age
Gram negative

Citrobacter freundii 1,079 17.2 Xf 0.7 0.7 19.1
Enterobacter aerogenes 692 13.8 X 0.0 36.0 3.4
Enterobacter cloacae 1,002 37.7 X 0.0 24.8 17.9
Escherichia coli 130,247 3.1 44.8 38.5 3.3 2.5 5.1 0.5 25.1
Klebsiella oxytoca 615 9.7 10.0 7.1 10.0 1.3 0.0 11.8
Klebsiella pneumoniae 6,137 1.0 25.4 3.4 2.0 0.8 17.7 11.4
Proteus mirabilis 6,555 1.9 10.9 63.0 1.1 2.6 1.5 8.2
Pseudomonas

aeruginosag

687 0.8

Gram positive
Enterococcus faecalis 20,061 1.0 3.9 0.3
Staphylococcus aureus 2,088 17.5 12.5 X 8.6 0.0 16.5 0.5

Adults 18–64 yr old
Gram negative

Citrobacter freundii 4,899 18.0 X 6.7 2.4 16.6
Enterobacter aerogenes 10,549 8.6 X 1.1 29.1 1.4
Enterobacter cloacae 4,912 33.7 X 4.9 30.4 14.8
Escherichia coli 599,722 3.9 41.3 37.5 4.5 3.9 11.8 0.9 22.3
Klebsiella oxytoca 3,877 6.3 79.8 10.1 9.8 6.5 6.0 10.7
Klebsiella pneumoniae 66,261 3.1 27.2 5.7 5.6 4.0 20.5 10.6
Proteus mirabilis 30,756 0.8 12.3 59.5 1.0 1.4 7.5 11.8
Pseudomonas

aeruginosa
1,731 18.9

Gram positive
Enterococcus faecalis 20,061 0.5 13.0 0.1
Staphylococcus aureus 13,468 22.1 18.0 X 31.3 24.7 0.6 26.2 2.0

Older adults (65� yr old)
Gram negative

Citrobacter freundii 10,578 19.1 X 4.1 4.2 16.6
Enterobacter aerogenes 6,267 20.3 X 2.0 33.3 3.3
Enterobacter cloacae 10,425 34.6 X 6.1 25.4 14.9
Escherichia coli 443,027 5.5 45.2 49.3 9.5 9.5 29.1 2.6 26.8
Klebsiella oxytoca 9,963 2.7 83.1 5.8 5.5 2.3 4.1 6.4
Klebsiella pneumoniae 104,638 2.9 30.2 7.4 6.8 5.5 22.4 10.6
Proteus mirabilis 43,127 1.6 23.6 66.7 3.0 3.9 29.0 25.8
Pseudomonas

aeruginosa
4,878 17.3

Gram positive
Enterococcus faecalis 29,466 0.7 34.4 0.6
Staphylococcus aureus 13,468 50.8 46.8 X 71.6 0.2 56.7 2.2

a n � total number of antibiotic susceptibility testing results.
b Isolate/agent testing varied slightly across institutions based on established local antibiotic susceptibility testing panels and protocols.
c Amox-clav, amoxicillin-clavulanate.
d Modified CLSI susceptibility testing breakpoints for cefazolin were released in January 2011 and likely affected antibiotic susceptibility testing interpretation for this agent.
e TMP-SMX, trimethoprim-sulfamethoxazole.
f X, intrinsic resistance to this agent, which was not reported here.
g P. aeruginosa was only routinely tested against oral antipseudomonal agents.
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relatively low among isolates from pediatric outpatients (5.1%),
higher among isolates from adult outpatients (11.8%), and high-
est among isolates from older adult outpatients (29.1%). A similar
pattern was observed for methicillin-resistant Staphylococcus au-
reus.

The magnitude of changes in E. coli antibiotic resistance varied
when comparing 2003 with 2012 data (Fig. 1). Increases in E. coli
resistance to nitrofurantoin were small (from 0.7% in 2003 to
0.9% in 2012 for adults; P � 0.001). However, ciprofloxacin resis-
tance increased in all age groups, and increases were especially
pronounced among isolates from adults (from 3.6% in 2003 to
11.8% in 2012; P � 0.001) and older adults (from 11.8% in 2003 to
29.1% in 2012; P � 0.001). Increases in E. coli resistance to TMP-
SMX were observed in all age groups, including pediatric outpa-
tients (from 21.3% to 24.9%; P � 0.001), adult outpatients (from
17.2% to 22.2%; P � 0.001), and older adult outpatients (from
18.5% to 26.7%; P � 0.001).

DISCUSSION

In our study of culture results from urine specimens collected
from U.S. female outpatients, E. coli was the most common patho-
gen isolated. A comparison of 2003 and 2012 results showed that
E. coli resistance to nitrofurantoin remained low, while resistance
to ciprofloxacin increased substantially. Antibiotic resistance
among several important pathogen-antibiotic combinations was
highest among isolates from older adult outpatients.

Current guidelines emphasize the use of targeted narrow-spec-
trum therapies, such as nitrofurantoin, for the treatment of un-
complicated UTIs among adult women (3). However, antibiotic
selection for UTI treatment and adherence to treatment guide-
lines are suboptimal (7). Kallen et al. (8) used National Ambula-
tory Care Survey and National Hospital Ambulatory Care Survey
data from 2000 to 2002 to explore national trends in prescribing of
antibiotics for UTI visits among outpatient women and found that
quinolones had surpassed sulfanilamides as the most commonly
prescribed antibiotic class. This shift has been corroborated by
other studies and likely contributed to the increased ciprofloxacin
resistance observed among urinary pathogens in our study (9, 10).

Fluoroquinolones have been designated by the World Health
Organization as critically important antibiotics for human medi-
cine due to their widespread utility in treating infections and “high

absolute number of people affected by all diseases for which [they
are] the sole/one of few therapies available” (11). The overuse of
fluoroquinolones for UTIs raises important concerns for both in-
dividual and community health. For example, fluoroquinolone
use induces antibiotic resistance among Gram-negative bacteria,
contributes to resistant infections among inpatients, and has been
implicated as a frequent cause of both health care-associated and
community-associated Clostridium difficile infection (12, 13). In
order to preserve the efficacy of fluoroquinolones for higher-se-
verity infections while minimizing harm to the individual and the
community, prescribing of nitrofurantoin over ciprofloxacin
should be encouraged for the empirical treatment of uncompli-
cated UTIs in adult female outpatients (3).

The high prevalence of antibiotic-resistant uropathogens in
older adult female outpatients is a concern because it complicates
the effective treatment of UTIs, limits therapeutic options, and
contributes to excess morbidity (14). Compared to younger indi-
viduals, older adults are more likely to have polymicrobial infec-
tions, receive a course of antibiotics during a clinical visit, and be
prescribed a longer duration of treatment (14).

Furthermore, declining renal function is a normal part of aging
and may limit the therapeutic value of some antibiotics (e.g., ni-
trofurantoin) due to a decreased ability to achieve therapeutic
drug concentrations in the urinary tract. Although cost-benefit
analyses and clinical practice guidelines discourage treatment of
asymptomatic bacteriuria in older adults, this practice frequently
occurs in ambulatory care (15). Once a diagnosis is established,
antibiotic selection for UTIs among older outpatients should be
based on previous uropathogen susceptibility profiles, when avail-
able, and be weighed carefully against potential adverse drug
events, comorbidities, and medication interactions (15).

Our study has limitations. There is likely an underrepresentation
of urine cultures from patients whose initial empirical therapy was
successful, which may result in overestimation of antibiotic resis-
tance. Furthermore, a lack of clinical information corresponding to
urine cultures limits our ability to exclude patients with more com-
plicated medical histories. Finally, several antibiotic susceptibility
testing methods were used, which may have contributed to variability
in susceptibility test results.

We found that the most common urinary pathogen, E. coli, has
become increasingly resistant to ciprofloxacin and TMP-SMX,
whereas we saw only slight increases in resistance for nitrofuran-
toin. Future studies should examine ongoing changes in the pre-
scribing of outpatient antibiotics for UTIs, as antibiotic resistance
patterns continue to shift. Individual clinicians should strive for
judicious antibiotic selection for UTIs by selecting antibiotic ther-
apy based on clinical guidelines, local resistance data, individual
patient characteristics, and potential collateral damage. Health
plans, policymakers, and health care facility administrations can
help minimize the spread of community antibiotic resistance by
supporting antibiotic stewardship initiatives to improve the pre-
scribing behaviors of individual providers. The Centers for Dis-
ease Control and Prevention Get Smart: Know When Antibiotics
Work program provides resources to help optimize outpatient
antibiotic therapy for UTIs and other common infections (www
.cdc.gov/getsmart). The widespread and dynamic nature of anti-
biotic resistance warrants due diligence by many stakeholders,
including health systems, public health authorities, health care
providers, and policymakers, to prevent, control, and track anti-
biotic resistance among outpatients.

FIG 1 Comparison of prevalence of E. coli antibiotic resistance among urinary
isolates from female outpatients in 2003 and 2012, by age group. TMP/SMX,
trimethoprim-sulfamethoxazole.
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